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Abstract Many highly invasive plant species have
fleshy fruits which are eaten by native frugivorous
animals. These frugivores play an important role in
long-distance seed dispersal, and may also affect
germination success. The aim of this study was to
determine whether generalist frugivores enhance or
decrease seed germination of invasive alien species
through pulp removal or seed coat abrasion, besides
serving as dispersal agents. Fruits of four fleshy-
fruited invasive alien plant species, namely Solanum
mauritianum, Cinnamomum camphora, Lantana
camara and Psidium guajava, were fed to three
generalist avian frugivorous species, which have been
observed feeding on these fruits in the wild. Seed
retention time was recorded as this affects dispersal
distance and the duration that seeds are exposed to
the effects of the gut. Seeds removed from excreta,
seeds from manually de-pulped fruit, and whole fruit
were planted in soil trays housed in a greenhouse.
Daily germination counts were done. Seed retention
times differed significantly between bird species for
all fruits, except those of C. camphora. However, all
frugivores had a similar effect on the germination
success of seeds of S. mauritianum, L. camara and
P. guajava, showing that gut retention time was not
important. Germination of seeds from manually
de-pulped fruits did not differ from that of ingested
seeds of all plant species, suggesting that seed coat
abrasion was also not important. Pulp removal
resulted in significantly higher germination rates,
both in the two species with larger, multi-seeded fruit
(S. mauritianum and P. guajava), and in the two
species having single-seeded fruit with waxy exo-
carps (C. camphora and L. camara). Pulp removal
also resulted in significantly earlier germination of
L. camara and P. guajava seeds. Therefore, frugi-
vores not only accelerate dispersal, but also greatly
enhance seed germination of all fleshy-fruited inva-
sive alien species in this study.
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Introduction
Invasive alien plants are non-native, naturalized
species that have successfully spread outside of their
native range (Richardson et al. 2000a). Worldwide,
natural ecosystems are being invaded by introduced
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species which can disrupt their functioning and result
in economic losses (van Wilgen et al. 2001, 2008;
Richardson and van Wilgen 2004). After direct
habitat destruction, biological invasions are recog-
nized as the second-largest threat to biodiversity
(Richardson and van Wilgen 2004). Invasive plant
species that have the greatest impact on natural
habitats are often trees or shrubs that are shade
tolerant, grow rapidly, reproduce early, produce
numerous seeds, and have fleshy fruits associated
with bird-dispersal (Cronk and Fuller 1995). Recent
studies highlight the importance of fruit traits asso-
ciated with avian frugivore preferences, such as
morphology (Gosper and Vivian-Smith 2009) and
nutritional composition (Gosper and Vivian-Smith
2010).
Small, single-seeded fruit or those with fewer
seeds (Gosper and Vivian-Smith 2009), as well as
soft, many-seeded fruits tend to be visited more often
by frugivores (Green 1993). Fruit size is also one of
the most important factors determining fruit choice
(Debussche and Isenmann 1989; Green 1993; Stans-
bury and Vivian-Smith 2003). In Australian surveys it
was found that plant species with smaller fruits
(\15 mm diameter) were visited by more avian
frugivorous species than those with larger fruits
(Green 1993; Stansbury and Vivian-Smith 2003), as
the latter rely on frugivores with larger gape widths
(Wheelwright 1985).
The successful spread and establishment of fleshy-
fruited alien plants is greatly enhanced by the rapid
formation of loose mutualisms with resident dispersers
(particularly birds and mammals) (Richardson et al.
2000b). It has been shown that plant invasiveness
increases when avian frugivore communities are more
diverse (Gosper and Vivian-Smith 2009). Of further
concern is the possibility that alien vegetation may
compete with indigenous plant species for the attention
of dispersal agents (Bass 1990; Lafleur et al. 2007). In
some cases frugivores may prefer (Fraser 1990; Lafleur
et al. 2007) or disproportionately consume fruits of
invasive plants (Chimera and Drake 2010).
The process of seed dispersal by frugivorous
animals usually involves the consumption of fruit
pulp and the regurgitation or defecation of intact,
viable seeds (Ridley 1930). This relationship is
mutually beneficial as dispersers receive a resource
(i.e. fruit pulp) and the plant’s seeds are dispersed
away from the parent plant (Jordano 1987; Schupp
1993; Kinnaird 1998). Seedlings are unlikely to
survive under parent plants due to resource compe-
tition (Day et al. 2003), and furthermore the risk of
seed predation increases under the parent plant
(Howe 1986). Thus, frugivores are expected to play
an important role in the process of invasion of exotic
fleshy-fruited species.
Once ingested, seeds may undergo both chemical
and mechanical treatment in the digestive tract,
influencing their germination success (McKey 1975;
Barnea et al. 1991). Seed coat abrasion (Evenari
1949; Agami and Waisel 1988; Barnea et al. 1990,
1991) and pulp removal (Evenari 1949; Barnea et al.
1991) are the predominant ways in which germina-
tion rates may be affected by frugivores. Benefits
following pulp removal may include evading seed
predators dependent on olfactory or visual cues
(Nystrand and Granstrom 1997; Moles and Drake
1999), as well as reduced bacterial and fungal attack
(Witmer and Cheke 1991; Moore 2001). In addition
to processing behaviour and digestive physiology of
different frugivorous species (Jordano 2000), seed
retention time may influence the degree of seed coat
abrasion (Sorensen 1984; Murray et al. 1994) and
potential dispersal distance (Ridley 1930).
Long distance seed dispersal is an important factor
to consider in predicting plant movement patterns and
range expansion processes (Higgins and Richardson
1999; Cain et al. 2000). The effect that frugivores’
digestive tracts may have on seeds, the reliability and
speed of fruit removal (McKey 1975), the movement
patterns of frugivores, seed retention time, as well as
the site of seed deposition (Bartuszevige and Gorchov
2006), may all determine the pattern of seed
dispersal. Birds have been shown to play an impor-
tant role in dispersal of seeds of fleshy-fruited
invasive alien weeds (Richardson et al. 2000b; Day
et al. 2003; Gosper et al. 2005; Bartuszevige and
Gorchov 2006; Voigt et al. 2011). Plants with
generalized avian dispersal systems are more likely
to be invasive (Renne et al. 2002), and indeed many
of the most detrimental invasive plant species are
dispersed by avian frugivores (Buckley et al. 2006).
However, the consistency with which particular
frugivores affect the germination of various plant
taxa requires further investigation (Barnea et al.
1990; Traveset 1998). Different bird species may
affect the same plant species in different ways
(Barnea et al. 1991). Conversely, the same bird
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species may have varying effects on different plant
species (Barnea et al. 1990).
Buckley et al. (2006) highlight the shortage of
practical information regarding how invasive plant
population dynamics and spread are affected by
frugivores and vice versa. By integrating knowledge
on how different generalist frugivores influence the
germination of seeds of invasive plant species, we
can better understand the role that frugivores play in
facilitating or hindering the invasion process. If
important dispersers are identified, knowledge of
these species can translate into more effective
modelling of seed dispersal directions and distances
(Bartuszevige and Gorchov 2006; Buckley et al.
2006). By using case studies such as this, more useful
generalizations based on plant and frugivore traits
can be made and incorporated into management
strategies (Buckley et al. 2006).
This study considered seed retention time, seed
germination percentages and the time taken for
germination to occur. The latter was considered
because seeds which fail to germinate rapidly may
succumb to pathogens or predation (Howe 1986) or
be out-competed by earlier established seedlings
(Ross and Harper 1972; Abul-Fatih and Bazzaz
1979). The aims of this study were to (1) determine
what effect three generalist frugivores have on the
germination of seeds of four invasive alien species,
and (2) to establish the physical effects of pulp
removal or seed coat abrasion. Due to loose mutu-
alisms between invasive alien plants and resident
frugivores (Richardson et al. 2000b), further high-
lighted by the positive relationship between frugivore
diversity and plant invasiveness (Gosper and Vivian-
Smith 2009), we hypothesised that germination rates
would not be affected by different generalist frugi-
vores. Furthermore, specialized gut treatment should
not be necessary for high germination rates as
invasive alien plants would then be disperser limited.
Methods
Plant species
In this study four invasive alien plant species namely:
Solanum mauritianum Scopoli (Solanaceae), Cinna-
momum camphora (L.) J. Presl. (Lauraceae), Lantana
camara L. sensu lato (Verbenaceae), and Psidium
guajava L. (Myrtaceae) were considered. In South
Africa, S. mauritianum, C. camphora, and L. camara
are declared category 1 weeds (according to the
regulations under the Conservation of Agricultural
Resources Act), which means they are prohibited
everywhere and must be controlled (Henderson 2001).
Psidium guajava is a category 2 weed, and is allowed
only in demarcated areas outside of which it must also
be controlled (Henderson 2001). All four plant species
are well established and of great concern, particularly
in KwaZulu-Natal (Henderson 2001).
Solanum mauritianum produces clusters of yellow
fruit, c. 10 mm in diameter (Henderson 2001), each
containing up to 193 seeds (Witkowski and Garner
2008). Smaller plants (1.5–1.8 m) produce 40–70
berries per inflorescence, and larger plants (3.3 m)
can produce 100,000–200,000 seeds annually, with
79% seed viability (Witkowski and Garner 2008).
Birds often prefer S. mauritianum fruit over those of
native species (Olckers and Zimmermann 1991;
Olckers 1999) and disperse them over great distances
(Oatley 1984; Olckers 1999; Witkowski and Garner
2008).
Psidium guajava produces soft, yellow fruit with
pink flesh, 25–100 mm in diameter (Henderson
2001). Each fruit contains up to 570 seeds (Adsule
and Kadam 1995) that are 3–5 mm in diameter (Cull
and Lindsay 1995). It is an adaptable and hardy plant,
growing successfully under many different environ-
mental conditions (Cull and Lindsay 1995), and is
grown commercially in both tropical and subtropical
regions (Mitra and Bose 1985; Ray 2002). In many
cases it has spread as a weed, mainly through bird
dispersal (Samson 1986). In a Kenyan study, 40
frugivorous bird species were observed in P. guajava
trees of which Speckled Mousebirds and Common
Bulbuls were the most abundant (Berens et al. 2008).
Visitation rates to P. guajava trees matched those of
indigenous fruiting species (Berens et al. 2008).
Cinnamomum camphora produces blue-black ber-
ries, c. 9 mm in diameter (Stansbury and Vivian-
Smith 2003), each containing a single seed, 7.5 mm
in diameter (Panetta 2001), inside a tough, waxy
exocarp. Mature trees can produce over 100,000 fruit
per season (Firth 1981). Avian frugivores may
regurgitate (Li 2004) or excrete seeds shortly after
consumption (Firth 1981).
Lantana camara fruit consist of up to 20 purple-
black drupes (Parsons and Cuthbertson 2001), each
Germination of seeds of invasive alien plants following frugivore ingestion 1919
123
c. 5–7 mm in diameter (Swarbrick et al. 1995;
Sharma et al. 2005). These drupes have a thin, waxy
exocarp and pulpy mesocarp surrounding a single,
oval seed, 2–4 mm long (Parsons and Cuthbertson
2001), containing 1–2 embryos (Sharma et al. 2005).
In South Africa L. camara fruits year round (Graaff
1987), setting an average of 856 seeds/plant/year
(Spies 1983–1984). Birds are the main dispersers
(Vivian-Smith et al. 2006), facilitating long-distance
dispersal and the invasion of new areas (Cronk and
Fuller 1995). Seed germination rates are low
(4–45%), but are counterbalanced by low seedling
mortality (Sahu and Panda 1998).
Capture and maintenance of birds
This study was conducted at the University of
KwaZulu-Natal (UKZN), Pietermaritzburg. Nine
Red-winged Starlings (Onychognathus morio, Stur-
nidae), ten Speckled Mousebirds (Colius striatus,
Coliidae), and seven Dark-capped Bulbuls (Pycnon-
otus tricolor, Pycnonotidae) were captured at various
locations near UKZN between July 2007 and Febru-
ary 2008. These generalist native frugivorous species
were observed feeding on the invasive alien species
fruit used in this study (L. Jordaan, unpublished
observations). They were fed a mixed fruit mainte-
nance diet, supplemented with AviPlus Softbill/
Mynah pellets and crumble (Avi-products, Durban,
South Africa). Three mealworm larvae (Tenebrio
molitor) were fed to each individual Dark-capped
Bulbul and Red-winged Starling every third day as
these species naturally supplement their diets with
insects (Hockey et al. 2005). Water was provided
ad libitum. Prior to sampling days, invasive alien fruit
were incorporated into the birds’ maintenance diet.
Birds were weighed daily on maintenance days and
twice daily (before and after trials) on sample days.
Feeding trials
Trials were conducted when fruit was available.
Solanum mauritianum trials were run during March,
C. camphora and P. guajava were fed to the birds
during April (a minimum of 3 days was left between
fruit species), and L. camara was offered in June.
During feeding trials, birds were housed individually
in cages and acclimated for a minimum of 3 days in a
constant environment room set at 25C, on a 12:12
dark light cycle. On sample days birds were fed a
specific invasive alien fruit within 48 h of picking
from wild growing plants near UKZN. Fruit were
presented whole and weighed before and after each
trial to calculate the amount of fruit eaten. Fishing
line was used to join S. mauritianum fruit together to
imitate fruit bundles and facilitate feeding as birds
were unable to gulp loose whole fruit. Each fruit
species was offered to an individual bird once for a
12 h period. To control for evaporative water loss
from uneaten fruit, control fruit were placed in the
room and weighed prior to and at the end of feeding
trials. Excreta were collected at the end of the trial.
Birds were observed at the start of each trial to record
seed retention times. Seed retention time was mea-
sured as the time from fruit and seed ingestion to the
first appearance of seeds in the excreta. In the case of
P. guajava, birds were allowed to feed on whole fruit
until the seeds were exposed. This was considered the
time of ingestion. Five Speckled Mousebirds did
not eat L. camara fruit and two did not feed on
C. camphora fruit.
Germination trials
Seeds were extracted from the respective individual
birds’ excreta, for each diet, the morning after
trial termination and planted in separate trays
(265 9 180 9 75 mm) containing soil (Table 1).
The soil used for propagation is the standard used for
most plant species at the University Botanical Gar-
dens, and contained no additives. While plant species
may vary in terms of soil type for optimal growth and
germination, we used the same soil type for all plant
species to allow for comparison of germination rates
and survivorship. Seeds were covered with a soil layer
approximately 0.5 cm deep. Trays were housed in a
greenhouse and watered daily. De-pulped seeds and
whole fruit controls of each invasive species were
planted in the same way as ingested seeds (Table 1).
After daily germination counts, seedlings were
removed. Seeds were considered germinated when
seedlings first broke the soil surface and were visible.
Trays were observed for 9 months, after which they
were terminated if there was no germination in any
trays for a 2-week period. No germination occurred
after 8 months for P. guajava and 7 months for
L. camara. For analysis of cumulative germination the
duration of trials was kept constant, at 213 days, for all
1920 L. A. Jordaan et al.
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plant species except, C. camphora, which was termi-
nated after 96 days due to rodent predation.
Analyses
The average number of seeds per fruit of S. mauri-
tianum and P. guajava was used to calculate germi-
nation percentages for whole-fruit controls. The mean
cumulative germination percentage was calculated
for each individual and control tray, and arcsin
transformed. The effect of different frugivorous
species on each plant species’ cumulative germina-
tion percentage was tested using one-way analysis of
variance (ANOVA) and further investigated with
post-hoc Tukey tests where significant differences
were evident. This was also done to compare
germination success of seeds ingested by specific
frugivorous species to seeds from de-pulped fruits
and whole-fruit controls. The number of days from
the time of sowing until first seedling emergence was
analyzed using Kruskal–Wallis tests as the data could
not be normalized. Seed retention times for each bird
species were compared for a specific plant species
using Kruskal–Wallis tests. All analyses were con-




Bird species varied significantly in their retention of
seeds of S. mauritianum, P. guajava, and L. camara
(Table 2). Retention times for seeds consumed by
Dark-capped Bulbuls (4–10 min) were significantly
shorter than for Speckled Mousebirds (P = 0.038) and
Red-winged Starlings (P \ 0.050, Fig. 1). Red-
winged Starlings regurgitated C. camphora seeds [as
is done by most native frugivores of this species (Li
2004)], Dark-capped Bulbuls mostly excreted them,
while Speckled Mousebirds did not ingest them at all.
Cinnamomum camphora had the largest seeds used
during experiments and seeds were generally retained
longer (retention time of 23–55 min for Dark-capped
Bulbuls and 10–42 min for Red-winged Starlings)
Table 1 Number of seeds planted in soil trays for each frugivore species on a pure diet of fruit of each invasive alien plant species









Solanum mauritianum Dark-capped Bulbul 100 7 200 10
Speckled Mousebird 200 10 200 10
Red-winged Starling 200 6 200 10
70 1
100 1
Psidium guajava Dark-capped Bulbul 40 7 40 3
Speckled Mousebird 40 10 40 3
Red-winged Starling 40 9 40 3
Cinnamomum camphora Dark-capped Bulbul 8 4 8 8
4 3
Speckled Mousebird 15a 7 15 15
10a 1
Red-winged Starling 30b 9 30 30
Lantana camara Dark-capped Bulbul 40 6 40 40
Speckled Mousebird 30 5 30 30
Red-winged Starling 50 9 50 50
Number of seeds varied per plant species because of seed type and amount ingested per bird species
a Speckled Mousebirds did not ingest C. camphora seeds but removed the pulp from around the seed
b Red-winged Starlings regurgitated C. camphora seeds
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than any of the smaller seeded plant species. However,
retention times for C. camphora seeds did not vary
significantly between Dark-capped Bulbuls and Red-
winged Starlings (Table 2; Fig. 1). Regurgitated seeds
were very clean with no pulp fragments, while defecated
and de-pulped seeds still had some pulp attached to the
seed (L. Jordaan, unpublished observations).
Dark-capped Bulbuls had significantly shorter seed
retention times (6–10 min) when fed P. guajava
fruits than Speckled Mousebirds (12–28 min, P =
0.047) and Red-winged Starlings (19–69 min, P \
0.050). Red-winged Starlings also retained L. camara
seeds significantly longer (18–31 min) than Dark-
capped Bulbuls (6–32 min, P = 0.040).
Table 2 Significance of difference between three avian frugi-
vore species (Dark-capped Bulbul, Speckled Mousebird and
Red-winged Starling) in seed retention time (Kruskal–Wallis),
mean time to first seedling emergence (Kruskal–Wallis), and
germination percentage (ANOVA) of ingested seeds of four
invasive alien plant species
Plant species Mean seed
diameter (mm)
n = 10
Seed retention time Germination percentage Mean time to first seedling
emergence
H2 n P F2 n P H2 n P
Solanum mauritianum 1.5 19.455 26 \ 0.050 S 2.892 25 0.077 NS 8.879 25 0.012 S
Psidium guajava 2.8 20.267 26 \ 0.050 S 0.128 26 0.881 NS 0.272 26 0.873 NS
Cinnamomum camphora 6.5 2.470 12 0.116 NS 13.17 24 \ 0.050 S 12.880 24 0.002 S
Lantana camara 2.7 7.236 20 0.027 S 1.428 20 0.267 NS 2.629 20 0.269 NS
NS not significant, S significant at P B 0.05
Fig. 1 Seed retention
time for three avian
frugivores feeding on
fruits of a S. mauritianum,
b P. guajava,
c C. camphora and
d L. camara, where boxes
are 25 and 75% quartiles,
the lines within the boxes
indicate the medians, and
bars show 10 and 90%
values
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Germination percentage
Frugivores varied significantly in their effect on
germination percentage only in the case of the large-
seeded species C. camphora (Table 2). Seeds ingested
by Red-winged Starlings were more likely to germi-
nate than those ingested both by Speckled Mousebirds
(post-hoc Tukey, P \ 0.050) and Dark-capped Bul-
buls (post-hoc Tukey, P \ 0.050). Solanum mauritia-
num and P. guajava had high cumulative germination
percentages for all frugivores, while C. camphora and
L. camara germinations were relatively low (Fig. 2).
Germination percentages of seeds from de-pulped
fruits were similar to, and sometimes higher than,
ingested seeds for all fruit species (Fig. 3). However,
none of these differences were significant (Table 3).
All germination percentages were significantly
higher than they were for whole fruit controls for the
larger, multi-seeded fruit species, S. mauritianum and
P. guajava, (Table 3). However, it must be noted that
despite relatively low proportions of whole fruit seeds
germinating, once fruit decomposed an average of
644 ± 144.4 (mean ± S.E.) S. mauritianum seeds and
75 ± 36.1 P. guajava seeds germinated per tray. Seeds
ingested by Red-winged Starlings and Speckled
Mousebirds had significantly higher germination
percentages than did seeds from whole fruits of
C. camphora (Table 3). Lantana camara seeds ingested
by Red-winged Starlings also germinated significantly
sooner than did seeds from whole fruit (Table 3).
Mean time to first seedling emergence
Shortly after planting, S. mauritianum and P. guajava
seeds had an initial phase of high germination after
which very little germination occurred (Fig. 3).
Lantana camara and C. camphora seeds had germi-
nation events occurring throughout the trial period
(Fig. 3). First seedling emergence of S. mauritianum
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seeds ingested by three
avian frugivores (or
de-pulped without ingestion
by Speckled Mousebirds in
the case of C. camphora)
for a S. mauritianum after
213 days, b P. guajava after
213 days, c C. camphora
after 96 days and
d L. camara after 213 days,
where boxes are 25 and
75% quartiles, the lines
within the boxes indicate the
medians, bars show 10 and
90% values, and dots
highlight outliers
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frugivorous species, but not for L. camara and
P. guajava (Table 2).
Solanum mauritianum seeds ingested by Dark-
capped Bulbuls emerged sooner than those ingested by
Red-winged Starlings (Fig. 4). Ingested S. mauritianum
seeds started emerging after approximately 10 days
(Fig. 4), but this was not significantly earlier than
de-pulped or whole fruit controls (Table 4). Cinnamo-
mum camphora seeds ingested by Red-winged Starlings
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Fig. 3 Mean cumulative germination for the duration of the study of seeds ingested by three avian frugivores (or de-pulped without
ingestion by Speckled Mousebird in the case of C. camphora) for a S. mauritianum, b P. guajava, c C. camphora, d L. camara
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(Fig. 3), which was significantly earlier than seeds
ingested by Dark-capped Bulbuls (P = 0.005, Fig. 4).
Ingested C. camphora seeds did not germinate signif-
icantly earlier than seed from de-pulped fruit or whole-
fruit controls (Fig. 3; Table 4).
Lantana camara seedlings emerged later than
those of the other invasive alien species (Fig. 4).
Dark-capped Bulbul- and Red-winged Starling-
ingested seeds emerged significantly earlier than
whole-fruit seeds (Fig. 3; Table 4). Psidium guajava
seeds ingested by Speckled Mousebirds germinated
earlier than seeds from de-pulped fruit (Table 4),
while seeds ingested by Dark-capped Bulbuls and
Red-winged Starlings emerged at approximately the
same time (Fig. 3). All P. guajava seeds ingested by
frugivores germinated after about 20 days (Fig. 4),
which was significantly sooner than whole-fruit seeds
(Table 4), which only started emerging after approx-
imately 117 days.
Discussion
As was found in past studies (Barnea et al. 1991;
Panetta and McKee 1997; Meyer and Witmer 1998;
Voigt et al. 2011), the mechanical removal of fruit
pulp had a similar effect to that of frugivore gut
passage for all species used in this study. Consistent
with previous research, pulp removal increased seed
germination percentages for L. camara (Day et al.
2003) and C. camphora (Panetta 2001), which have
tough, waxy exocarps and do not decompose easily.
Larger fruited species (i.e. P. guajava and S. mau-
ritianum) also benefited from earlier germination due
to pulp removal, as fruits of these species took longer
to decompose. Pulp removal by birds increases
germination (Panetta 2001) as the pericarp may
contain inhibitory substances (Firth 1981). Further-
more, pulp may be used by some seed predators to
detect fruits (Moles and Drake 1999) and may also
result in higher pathogen infection rates (Witmer and
Cheke 1991; Moore 2001). Ingestion is essential for
species in which seeds lose viability before the pulp
has decomposed (Panetta and McKee 1997; Yagih-
ashi et al. 1998) and the seeds of some such fruits
only germinate once this happens (Yagihashi et al.
1998, 1999).
The rate of pulp decomposition and removal has
been shown to influence the rate of germination
(Yagihashi et al. 1999). This was evident for
P. guajava and L. camara, as seeds from whole fruit
germinated significantly later than other seeds. Pulp
Table 3 Significance of difference between percentage germination of ingested seeds and that of seeds from manually de-pulped
fruits and whole fruits, for three avian frugivore species fed fruits of four invasive alien plant species
Plant species Bird Species n Germination percentage of seeds from
Manually de-pulped fruit
compared to ingested seeds
Whole fruit compared to
ingested seeds
F1 P F1 P
Solanum mauritianum Dark-capped Bulbul 10 0.284 0.608 NS 14.9 \ 0.050 S
Speckled Mousebird 13 0.004 0.949 NS 27.43 \ 0.050 S
Red-winged Starling 11 2.273 0.166 NS 6.04 0.036 S
Psidium guajava Dark-capped Bulbul 10 1.901 0.205 NS 157.9 \ 0.050 S
Speckled Mousebird 13 1.008 0.337 NS 66.17 \ 0.050 S
Red-winged Starling 12 0.237 0.637 NS 37.81 \ 0.050 S
Cinnamomum camphora Dark-capped Bulbul 10 0.274 0.615 NS 2.082 0.187 NS
Speckled Mousebird 11 1.365 0.273 NS 7.312 0.024 S
Red-winged Starling 12 4.035 0.072 NS 18.28 0.002 S
Lantana camara Dark-capped Bulbul 9 0.005 0.945 NS 1.615 0.244 NS
Speckled Mousebird 8 1.985 0.208 NS 0.195 0.675 NS
Red-winged Starling 12 0.053 0.822 NS 6.976 0.025 S
n number trays used for each plant species
NS not significant, S significant at P B 0.05
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decomposition may delay germination by up to a
year. Low whole fruit germination of C. camphora is
consistent with results of an earlier study (Panetta
2001), and may be attributed to seed dormancy.
Mature C. camphora seeds may remain dormant for
4–20 weeks (Firth 1981), but are short-lived, with
only 1% viable after 12 months (Panetta 2001). The
combination of low seed viability and production of
numerous animal-dispersed seeds is characteristic of
large, invasive, ornamental species in mesic areas
(Panetta and McKee 1997). Such species may rely on
re-colonization of cleared areas, rather than seed
banks (Panetta 2001).
There is contradictory evidence about the effect of
long versus short seed retention times on seed germi-
nation. Some studies show increased seed germination
success associated with longer seed retention times
(Barnea et al. 1991), while others show a decrease
(Murray et al. 1994; Charalambidou et al. 2003) or no
effect (Barnea et al. 1990, 1991). In such cases
frugivores are primarily seed dispersers. Seed coat
abrasion did not play a role in germination success of
seeds of S. mauritianum, P. guajava, or L. camara.
Despite seed retention times varying between frugi-
vores, germination percentages for each plant species
were similar for ingested seeds and seeds of de-pulped
fruits.
While seed retention time did not vary signifi-
cantly among various bird species on the C. cam-
phora diet, considerably more regurgitated Red-
winged Starling seeds germinated than those ingested

































































































































Fig. 4 Mean time to first seedling emergence of seeds
ingested by three avian frugivores (or de-pulped without
ingestion by Speckled Mousebird in the case of C. camphora)
for a S. mauritianum, b P. guajava, c C. camphora and
d L. camara, where boxes are 25 and 75% quartiles, the lines
within the boxes indicate the medians, bars show 10 and 90%
values, and dots highlight outliers
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Starling seeds and de-pulped seeds had similar
germination rates. Furthermore, these results only
reflect 96 days of data and more germination
occurred after that time. Thus frugivores may also
have had a similar effect on germination (albeit it
more delayed for Dark-capped Bulbuls and Speckled
Mousebirds). The low germination of L. camara
seeds is similar to trends in other studies (Spies 1983–
1984; Graaff 1987; Sahu and Panda 1998) and may
be attributed to dormancy, low viability (Graaff
1987), or possibly meiotic instability (Spies 1983–
1984). Germination deficits may be offset by low
seedling mortality (Sahu and Panda 1998), and/or
prolific sexual and vegetative reproduction (Graaff
1987; Swarbrick et al. 1995).
There are many factors to consider simultaneously
during the reproductive and establishment phases of
both invasive and native species to identify which of
these may influence the invasive potential of a plant
(Ferreras and Galetto 2010). The successful invasion
of S. mauritianum for example has been accredited to
a combination of high fruit set and great dispersal
distance from the parent plant by frugivorous birds,
which preferentially feed on these fruits (Olckers
1999). While rapid and profuse germination is a trait
of some invasive species in this study (S. mauritia-
num and P. guajava) and others (Van Kleunen and
Johnson 2007), this is not the case for C. camphora
and L. camara.
When seed coat abrasion is not essential for
germination, as is the case for all species of this
study, plants maintain the ability to invade an area in
the absence of a suitable disperser. The severity of
such invasions has been highlighted for S. mauritia-
num and the problems associated with its control.
Once parent plants are cleared, persistent seed banks
germinate (Witkowski and Garner 2008), and as
highlighted by the results of this study, this will
happen regardless of frugivore ingestion. Further-
more, S. mauritianum is self-compatible and is not
pollinator limited (Rambuda and Johnson 2004). The
successful germination of a single plant dispersed
into a new area may mark the start of a new invasive
front. This highlights the importance of targeting
such satellite populations resulting from avian dis-
persal (Buchanan 1989), especially before they reach
sexual maturity. In undisturbed habitats only compe-
tition from indigenous plants may limit further spread
of bird-dispersed invasive species (Loyn and French
1991).
Table 4 Significance of difference between time to first seedling emergence of ingested seeds and that of seeds from manually
de-pulped fruit and whole fruit, for three avian frugivore species fed fruit of four invasive alien plant species
Plant species Bird species n Time to first seedling emergence of seeds from
Manually de-pulped fruit
compared to ingested seeds
Whole fruit compared to
ingested seeds
H1 P H1 P
Solanum mauritianum Dark-capped Bulbul 10 2.642 0.104 NS 2.004 0.157 NS
Speckled Mousebird 13 0.59 0.443 NS 2.881 0.09 NS
Red-winged Starling 12 1.239 0.266 NS 1.038 0.308 NS
Cinnamomum camphora Dark-capped Bulbul 10 0.117 0.732 NS 2.208 0.137 NS
Speckled Mousebird 11 0.17 0.68 NS 0.682 0.409 NS
Red-winged Starling 12 0.861 0.354 NS 0.697 0.404 NS
Psidium guajava Dark-capped Bulbul 10 1.929 0.165 NS 5.762 0.016 S
Speckled Mousebird 13 4.01 0.045 S 6.802 0.009 S
Red-winged Starling 12 0.035 0.852 NS 6.342 0.012 S
Lantana camara Dark-capped Bulbul 9 0.42 0.517 NS 4.857 0.028 S
Speckled Mousebird 8 0.202 0.653 NS 2.721 0.1 NS
Red-winged Starling 12 0.7 0.403 NS 4.618 0.032 S
n number germination trays used
NS not significant, S significant at P B 0.05
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Laboratory-based studies provide valuable insight
into the potential effects that different frugivores may
have on alien plant germination. Coupled with behav-
ioural aspects and field based observations [such as the
correlation between the number of available dispersers
and a plant’s invasiveness (Stansbury and Vivian-
Smith 2003)], such information will aid in employing
more effective control strategies. For example, mea-
sures could be taken to manipulate perches and edges
(known sites of weed seed dispersal) to serve as seed
sinks (Buckley et al. 2006). By incorporating informa-
tion of frugivory, better risk screening processes and
prioritization can be developed for potentially invasive
plants as well as highlight areas for monitoring and
controlling established invasions (Buckley et al. 2006;
Gosper and Vivian-Smith 2009).
For the plant species in this study, it is evident that
frugivores are not only important in their role as seed
dispersers, but that they also greatly enhance the
speed and overall proportion of seed germination
through pulp removal. Results support the hypothesis
that fleshy-fruited invasive alien species rely on loose
mutualisms with frugivorous dispersers, in which
pulp removal is sufficient for high germination
success and specialized gut treatment is not required.
This study highlights the importance of generalist
frugivores in their role as seed dispersers and
germination enhancers of invasive alien plants,
especially in terms of establishing new satellite
populations.
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